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Abstract
Recently the ATLAS and CMS Collaborations have reported significant events that are at-
tributed to the neutral Higgs boson with mass around 125 GeV. In this work, we investigate the
signals of the Higgs boson decay channels h → γγ, h→ V V ∗ (V = Z,W ), and h → f f¯ (f = b, τ)
in the µ from ν supersymmetric standard model (µνSSM). In the numerical results, we show the
light stop and stau effects on the signal strengths for the 125 GeV Higgs boson decay channels in
the µνSSM, which can account for the updated experimental data on Higgs.
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1
I. INTRODUCTION
As the simplest soft broken supersymmetry (SUSY) theory, the minimal supersymmet-
ric standard model (MSSM) [1] has attracted the attention of physicists for a long time.
Furthermore, there is the SUSY extension of the standard model (SM), called the “µ from
ν supersymmetric standard model” (µνSSM) [2–4], which solves the µ problem [5] of the
MSSM through the lepton number breaking couplings between the right-handed sneutri-
nos and the Higgses ǫabλiνˆ
c
i Hˆ
a
d Hˆ
b
u in the superpotential. Once the electroweak symmetry is
broken (EWSB), the effective µ term ǫabµHˆ
a
d Hˆ
b
u is generated spontaneously through right-
handed sneutrino vacuum expectation values (VEVs), µ = λi 〈ν˜ci 〉. Additionally, three tiny
neutrino masses are generated at the tree level through a TeV scale seesaw mechanism [2, 6].
To understand the origin of the electroweak symmetry breaking and search for the neutral
Higgs [7] predicted by the standard model and its various extensions is the main goal of the
Large Hadron Collider (LHC). Recently the ATLAS and CMS Collaborations have reported
significant excess events for a new boson, which is interpreted as the neutral Higgs with mass
around 125 GeV at 5.0 σ level [8, 9]. The CP properties and couplings of the particle are
also being established [10, 11]. This implies that the Higgs mechanism to break electroweak
symmetry has a solid experimental cornerstone. In this paper, we investigate the 125 GeV
Higgs decay channels h → γγ, h → V V ∗ (V = Z,W ), and h → f f¯ (f = b, τ) in the
µνSSM. In the numerical analysis, we show the light stop and stau contributions to the
signal strengths of the Higgs decay channels.
Our presentation is organized as follows. In Sec. II, we briefly summarize the main
ingredients of the µνSSM by introducing its superpotential and the general soft SUSY-
breaking terms, in particular discussing the Higgs sector. We present the decay widths and
signal strengths for h → γγ, h → V V ∗ (V = Z,W ) and h → f f¯ (f = b, τ) in Sec. III. The
numerical analysis are given in Sec. IV, and Sec. V gives a summary. The tedious formulae
are collected in Appendixes A–D.
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II. THE µνSSM AND THE HIGGS SECTOR
Besides the superfields of the MSSM, the µνSSM introduces three singlet right-handed
neutrino superfields νˆci . In addition to the MSSM Yukawa couplings for quarks and charged
leptons, the superpotential of the µνSSM contains Yukawa couplings for neutrinos, two
additional types of terms involving the Higgs doublet superfields Hˆd and Hˆu, and the three
right-handed neutrino superfields νˆci , [2]
W = ǫab
(
YuijHˆ
b
uQˆ
a
i uˆ
c
j + YdijHˆ
a
d Qˆ
b
i dˆ
c
j + YeijHˆ
a
d Lˆ
b
i eˆ
c
j
)
+ǫabYνijHˆ
b
uLˆ
a
i νˆ
c
j − ǫabλiνˆci Hˆad Hˆbu +
1
3
κijkνˆ
c
i νˆ
c
j νˆ
c
k, (1)
where HˆTu =
(
Hˆ+u , Hˆ
0
u
)
, HˆTd =
(
Hˆ0d , Hˆ
−
d
)
, QˆTi =
(
uˆi, dˆi
)
, LˆTi =
(
νˆi, eˆi
)
are SU(2) doublet
superfields, and uˆci , dˆ
c
i , and eˆ
c
i represent the singlet up-type quark, down-type quark and
charged lepton superfields, respectively. In addition, Yu,d,e,ν, λ, and κ are dimensionless
matrices, a vector, and a totally symmetric tensor. a, b = 1, 2 are SU(2) indices with
antisymmetric tensor ǫ12 = 1, and i, j, k = 1, 2, 3 are generation indices. The summation
convention is implied on repeated indices in this paper.
In the superpotential, if the scalar potential is such that nonzero VEVs of the scalar
components (ν˜ci ) of the singlet neutrino superfields νˆ
c
i are induced, the effective bilinear
terms ǫabεiHˆ
b
uLˆ
a
i and ǫabµHˆ
a
d Hˆ
b
u are generated, with εi = Yνij
〈
ν˜cj
〉
and µ = λi 〈ν˜ci 〉, once the
electroweak symmetry is broken. The last term generates the effective Majorana masses for
neutrinos at the electroweak scale, and the last two terms explicitly violate lepton number
and R-parity. In SUSY extensions of the standard model, the R-parity of a particle is
defined as R = (−1)L+3B+2S [1] and can be violated if either the baryon number (B) or
lepton number (L) is not conserved, where S denotes the spin of concerned component
field. R-parity breaking implies that the lightest supersymmetric particle (LSP) is no longer
stable. In this context, the neutralino or the sneutrino are no longer candidates for the dark
matter. However, other SUSY particles such as the gravitino or the axino can still be used
as candidates [3].
In the framework of supergravity-mediated supersymmetry breaking, the general soft
3
SUSY-breaking terms of the µνSSM are given by
−Lsoft = m2Q˜ijQ˜a∗i Q˜aj +m2u˜cij u˜
c∗
i u˜
c
j +m
2
d˜c
ij
d˜c∗i d˜
c
j +m
2
L˜ij
L˜a∗i L˜
a
j
+m2e˜c
ij
e˜c∗i e˜
c
j +m
2
Hd
Ha∗d H
a
d +m
2
HuH
a∗
u H
a
u +m
2
ν˜c
ij
ν˜c∗i ν˜
c
j
+ǫab
[
(AuYu)ijH
b
uQ˜
a
i u˜
c
j + (AdYd)ijH
a
d Q˜
b
i d˜
c
j + (AeYe)ijH
a
d L˜
b
i e˜
c
j +H.c.
]
+
[
ǫab(AνYν)ijH
b
uL˜
a
i ν˜
c
j − ǫab(Aλλ)iν˜ciHadHbu +
1
3
(Aκκ)ijkν˜
c
i ν˜
c
j ν˜
c
k +H.c.
]
−1
2
(
M3λ˜3λ˜3 +M2λ˜2λ˜2 +M1λ˜1λ˜1 +H.c.
)
. (2)
Here, the first two lines contain mass squared terms of squarks, sleptons, and Higgses. The
next two lines consist of the trilinear scalar couplings. In the last line, M3, M2, and M1
denote Majorana masses corresponding to SU(3), SU(2), and U(1) gauginos λˆ3, λˆ2, and λˆ1,
respectively. In addition to the terms from Lsoft, the tree-level scalar potential receives the
usual D- and F -term contributions [3].
Once the electroweak symmetry is spontaneously broken, the neutral scalars develop in
general the VEVs:
〈H0d〉 = υd, 〈H0u〉 = υu, 〈ν˜i〉 = υνi, 〈ν˜ci 〉 = υνci . (3)
One can define the neutral scalars as
H0d =
hd + iPd√
2
+ υd, ν˜i =
(ν˜i)
ℜ + i(ν˜i)
ℑ
√
2
+ υνi,
H0u =
hu + iPu√
2
+ υu, ν˜
c
i =
(ν˜ci )
ℜ + i(ν˜ci )
ℑ
√
2
+ υνc
i
, (4)
and
tanβ =
υu√
υ2d + υνiυνi
. (5)
For simplicity, we will assume that all parameters in the potential are real. The CP-odd
neutral scalar and charged scalar mass matrices can isolate massless unphysical Goldstone
bosons G0 and G±, which can be written as [12, 13]
G0 =
1
υ
EW
(
υdPd − υuPu − υνi(ν˜i)ℑ
)
,
G± =
1
υ
EW
(
υdH
±
d − υuH±u − υνi e˜±Li
)
, (6)
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through an 8× 8 unitary matrix ZH ,
ZH =


υd
υ
EW
υu
υ
SM
(
υdυνi
υ
SM
υ
EW
)
1×3
− υu
υ
EW
υd
υ
SM
(
− υuυνi
υ
SM
υ
EW
)
1×3(
− υνi
υ
EW
)
3×1
03×1
(
υ
SM
υ
EW
δij + εijk
υνk
υ
EW
)
3×3


⊕
13×3, (7)
where
υ
SM
=
√
υ2d + υ
2
u, υEW =
√
υ2d + υ
2
u + υνiυνi. (8)
In the physical gauge, the Goldstone bosons G0 and G± are, respectively, eaten by the Z
boson andW boson and disappear from the Lagrangian. The masses squared of the Z boson
and W boson are
m2Z =
e2
2s2W c
2
W
υ2
EW
, m2W =
e2
2s2W
υ2
EW
. (9)
Here e is the electromagnetic coupling constant, sW = sin θW and cW = cos θW , with θW
denoting the Weinberg angle, respectively.
In the µνSSM, the VEVs of left- and right-handed sneutrinos lead to mixing of the
neutral components of the Higgs doublets with the sneutrinos producing an 8 × 8 CP-
even neutral scalar mass matrix. However, if the off-diagonal mixing terms of the CP-even
neutral scalar mass matrix are small enough than the diagonal terms, the contribution of
the off-diagonal mixing terms to the diagonal doubletlike Higgs masses is small and can be
neglected. Actually, we will use this mechanism in our calculation.
Considering radiative corrections, the mass squared matrix for the neutral Higgs doublets
in the basis (hd, hu) is written as
M2 =


M2hdhd +∆11 M
2
hdhu
+∆12
M2hdhu +∆12 M
2
huhu +∆22

 , (10)
with
M2hdhu ≃ −
[
m2A +
(
1− 4λiλis2W c2W/e2
)
m2Z
]
sin β cos β,
M2hdhd ≃ m2A sin2 β +m2Z cos2 β,
M2huhu ≃ m2A cos2 β +m2Z sin2 β, (11)
5
and the neutral pseudoscalar mass squared is
m2A ≃ 2
[
(Aλλ)iυνc
i
+ λkκijkυνc
i
υνc
j
]
/sin 2β. (12)
Compared with the MSSM, M2hdhu gets an additional term (4λiλis
2
W c
2
W/e
2)m2Z sin β cos β,
which gives a new contribution to the light doubletlike Higgs mass. In Eq. (10), the concrete
expressions for radiative corrections ∆11, ∆12 and ∆22 can be found in Appendix A. Besides
the superfields of the MSSM, the µνSSM introduces right-handed neutrino superfields. Nev-
ertheless, the loop effects of right-handed neutrino/sneutrino on the light doubletlike Higgs
boson mass can be neglected, due to small neutrino Yukawa couplings Yνi ∼ O(10−7) and
left-handed sneutrino VEVs υνi ∼ O(10−4GeV). Through the numerical computation, we
can ignore the radiative corrections from b quark, τ lepton, and their supersymmetric part-
ners, when tan β is small. The main radiative corrections on the light doubletlike Higgs
boson mass come from the top quark and its supersymmetric partners, similarly to the
MSSM. By the 2× 2 unitary matrix Uh,
Uh =

 − sinα cosα
cosα sinα

 , (13)
the mass squared matrix M2 which contains the radiative corrections can be diagonalized:
UThM2Uh = diag
(
m2h, m
2
H
)
. (14)
Here the neutral doubletlike Higgs mass squared eigenvalues m2h(H) can be derived [14],
m2h(H) =
1
2
(
TrM2 ∓
√
(TrM2)2 − 4DetM2
)
, (15)
where TrM2 = M211 +M222, DetM2 = M211M222 − (M212)2. The mixing angle α can be
determined by [15]
sin 2α =
2M212√
(TrM2)2 − 4DetM2
,
cos 2α =
M211 −M222√
(TrM2)2 − 4DetM2
, (16)
which reduce to − sin 2β and − cos 2β, respectively, in the large mA limit. The convention
is that π/4 ≤ β < π/2 for tan β ≥ 1, while −π/2 < α < 0. In the large mA limit,
α = −π/2 + β.
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One most stringent constraint on parameter space of the µνSSM is that the mass squared
matrix should produce an eigenvalue around (125 GeV)2 as mass squared of the light dou-
bletlike Higgs. The combination of the ATLAS [8] and CMS [9] for the neutral Higgs mass
gives [16]
mh = 125.7± 0.4 GeV. (17)
This fact constrains parameter space of the µνSSM stringently.
III. THE 125 GEV HIGGS DECAYS
At the LHC, the Higgs can be mainly produced by the gluon fusion. In the SM, the
leading-order (LO) contributions originate from the one-loop diagrams involving virtual top
quark. The cross section for this process is known to the next-to-next-to-leading order
(NNLO) [17] which can enhance the LO result by 80%-100%. Beyond the SM, any new
particle which strongly couples with the Higgs can modify the cross section of the process
significantly. In the new physics (NP), the LO decay width of h → gg process is given as
(see Ref. [18] and references therein)
ΓNP(h→ gg) = GFα
2
sm
3
h
64
√
2π3
∣∣∣∑
q
ghqqA1/2(xq) +
∑
q˜
ghq˜q˜
m2Z
m2q˜
A0(xq˜)
∣∣∣2, (18)
with xa = m
2
h/(4m
2
a), q = t, b, and q˜ = U
+
I , D
−
I (I = 1, . . . , 6). The concrete expressions of
ghtt, ghbb, ghU−
I
U+
I
, ghD+
I
D−
I
are formulated as
ghtt =
cosα
sin β
,
ghbb = − sin α
cos β
√√√√1 +
3∑
i=1
υ2νi
υ2d
,
ghU−
I
U+
I
= − υEW
2m2Z
CU
±
1II (I = 1, . . . , 6),
ghD+
I
D−
I
= − υEW
2m2Z
CD
±
1II (I = 1, . . . , 6), (19)
where the concrete expressions for CU
±
1II , C
D±
1II can be found in Appendix B. The form factors
A0, A1/2 (and A1 below) are defined in Appendix C. In Eq. (18), the contributions of
7
squarks have the damped loop factors m2Z/m
2
q˜ . Thus, contrary to the case of SM quarks,
the contributions of squarks become very small for high masses, and the squarks decouple
completely from the gluonic Higgs couplings if they are very heavy.
The decay width of the Higgs to diphoton decay at LO in the SM is derived from the
one-loop diagrams which contain virtual top quark or virtualW boson. In the NP, the third-
generation fermions (f = t, b, τ) and W boson together with the supersymmetric partners
give the contributions to the LO decay width for the Higgs to diphoton decay, which can be
written by
ΓNP(h→ γγ) = GFα
2m3h
128
√
2π3
∣∣∣∑
f
NcQ
2
fghffA1/2(xf ) + ghWWA1(xW )
+
8∑
α=2
ghS+α S−α
m2Z
m2
S±α
A0(xS±α ) +
2∑
i=1
ghχ+
i
χ−
i
mW
mχ±
i
A1/2(xχ±
i
)
+
∑
q˜
NcQ
2
fghq˜q˜
m2Z
m2q˜
A0(xq˜)
∣∣∣2, (20)
and the expressions of ghττ , ghWW , ghS+α S−α , ghχ+i χ
−
i
are
ghττ ≃ − sinα
cos β
√√√√1 +
3∑
i=1
υ2νi
υ2d
,
ghWW ≃ sin(β − α),
ghS+ρ S−ρ = −
υ
EW
2m2Z
CS
±
1ρρ (ρ = 2, . . . , 8),
ghχ+
i
χ−
i
= −2
e
ℜ
[
Cχ
±
1ii
]
(i = 1, 2), (21)
where the concrete expressions of CS
±
1ρρ, C
χ±
1ii can be found in Appendix B. Here, if supersym-
metric particles are heavy, the contributions of supersymmetric particles will become small.
And then, the main contributions of the Higgs to diphoton decay width at LO is derived
from top quark, bottom quark, and W boson.
The light doubletlike Higgs with 125 GeV mass can decay through the channels h →
WW ∗, h → ZZ∗ where V ∗ (V = Z,W ) denoting the off-shell electroweak gauge bosons.
Summing over all modes available to the W ∗ or Z∗, the decay widths are given by [19]
ΓNP(h→ ZZ∗) = e
4mh
2048π3s4W c
4
W
|ghZZ|2
(
7− 40
3
s2W +
160
9
s4W
)
F (
mZ
mh
),
ΓNP(h→ WW ∗) = 3e
4mh
512π3s4W
|ghWW |2F (mW
mh
), (22)
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with ghZZ = ghWW and the form factor F (x) is formulated in Appendix C. The partial decay
width of the 125 GeV neutral Higgs into fermion pairs is given in the Born approximation
by [20]
ΓNP(h→ f f¯) = Nc
GFm
2
fmh
4
√
2π
|ghff |2(1− 4m2f/m2h)3/2 (f = b, τ), (23)
with ghbb ≃ ghττ .
Normalized to the SM expectation, the signal strengths for the Higgs decay channels are
quantified by the ratios [21]
µggFγγ,V V ∗ =
σNP(ggF)
σSM(ggF)
BRNP(h→ γγ, V V ∗)
BRSM(h→ γγ, V V ∗) (V = Z,W ),
µVBFff¯ =
σNP(VBF)
σSM(VBF)
BRNP(h→ f f¯)
BRSM(h→ f f¯) (f = b, τ), (24)
where ggF and VBF stand for gluon-gluon fusion and vector boson fusion, respectively.
Normalized to the SM values, one can evaluate the Higgs production cross sections
σNP(ggF)
σSM(ggF)
≈ ΓNP(h→ gg)
ΓSM(h→ gg) =
ΓhNP
ΓhSM
ΓNP(h→ gg)/ΓhNP
ΓSM(h→ gg)/ΓhSM
=
ΓhNP
ΓhSM
BRNP(h→ gg)
BRSM(h→ gg) ,
σNP(VBF)
σSM(VBF)
≈ ΓNP(h→ V V
∗)
ΓSM(h→ V V ∗) =
ΓhNP
ΓhSM
ΓNP(h→ V V ∗)/ΓhNP
ΓSM(h→ V V ∗)/ΓhSM
=
ΓhNP
ΓhSM
BRNP(h→ V V ∗)
BRSM(h→ V V ∗) , (25)
with the 125 GeV Higgs total decay width for the NP
ΓhNP =
∑
f=b,τ,c,s
ΓNP(h→ f f¯) +
∑
V=Z,W
ΓNP(h→ V V ∗)
+ ΓNP(h→ gg) + ΓNP(h→ γγ), (26)
where we have neglected the contributions from the rare or invisible decays, and ΓhSM denotes
the SM Higgs total decay width. Through Eq. (24) and Eq. (25), we can quantify the signal
strengths for the Higgs decay channels in the µνSSM
µggFγγ ≈
ΓNP(h→ gg)
ΓSM(h→ gg)
ΓNP(h→ γγ)/ΓhNP
ΓSM(h→ γγ)/ΓhSM
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Signal Value from ATLAS Value from CMS Weighted average
µggFγγ 1.6
+0.42
−0.36 [25] 0.52 ± 0.5 [26] 1.19± 0.31
µggFZZ∗ 1.8
+0.8
−0.5 [27] 0.9
+0.5
−0.4 [28] 1.18± 0.37
µggFWW ∗ 0.82 ± 0.36 [29] 0.76 ± 0.21 [30] 0.78± 0.18
TABLE I: Experimental values for the Higgs decay rates.
=
ΓhSM
ΓhNP
ΓNP(h→ gg)
ΓSM(h→ gg)
ΓNP(h→ γγ)
ΓSM(h→ γγ) ,
µggFV V ∗ ≈
ΓNP(h→ gg)
ΓSM(h→ gg)
ΓNP(h→ V V ∗)/ΓhNP
ΓSM(h→ V V ∗)/ΓhSM
=
ΓhSM
ΓhNP
ΓNP(h→ gg)
ΓSM(h→ gg) |ghV V |
2,
µVBFff¯ ≈
ΓNP(h→ V V ∗)
ΓSM(h→ V V ∗)
ΓNP(h→ f f¯)/ΓhNP
ΓSM(h→ f f¯)/ΓhSM
=
ΓhSM
ΓhNP
|ghV V |2 |ghff |2 (V = Z,W ; f = b, τ), (27)
with ΓNP(h→V V
∗)
ΓSM(h→V V ∗)
= |ghV V |2 = |ghZZ|2 = |ghWW |2 and ΓNP(h→ff¯)ΓSM(h→ff¯) = |ghff |2 = |ghbb|2 ≃ |ghττ |2.
Therefore, we could just analyze the signal strengths µggFγγ , µ
ggF
V V ∗ and µ
VBF
ff¯ in the following.
The latest LHC measurements of the Higgs decay rates are summarized in Table I, where
we also compute the weighted averages for the signal strengths µggFγγ,V V ∗ (V = Z,W ) from
ATLAS and CMS. When the errors are asymmetric, we average them in quadrature. Note
that for the signal strengths µggFγγ,ZZ∗, the average from ATLAS and CMS just is used as a
guideline, but this should be taken with some care as the two experiments have quite different
central values. As the signal strengths µggFZZ∗ and µ
ggF
WW ∗ depend on the same couplings, we
combine them and give a weighted average
µggFV V ∗ = 0.86± 0.16, (28)
to constrain the numerical evolution of µggFV V ∗ in the following. Since the measured rates for
the channels h → f f¯ still have large experimental error at now [22–24], here we will not
consider their experimental values to constrain the channels h→ f f¯ in the µνSSM.
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IV. NUMERICAL ANALYSIS
There are many free parameters in the SUSY extensions of the SM. In order to obtain
a transparent numerical results, we make some assumptions on parameter space for the
µνSSM before performing the numerical calculation. In the following, we make the minimal
flavor violation (MFV) assumption
κijk = κδijδjk, (Aκκ)ijk = Aκκδijδjk, λi = λ, (Aλλ)i = Aλλ,
Yuij = Yuiδij , (AuYu)ij = AuiYuiδij , Yνij = Yνiδij , (AνYν)ij = aνiδij,
Ydij = Ydiδij , (AdYd)ij = AdiYdiδij , Yeij = Yeiδij , (AeYe)ij = AeiYeiδij ,
m2L˜ij = m
2
L˜i
δij , m
2
ν˜c
ij
= m2ν˜c
i
δij , m
2
e˜c
ij
= m2e˜c
i
δij , υνc
i
= υνc ,
m2Q˜ij = m
2
Q˜i
δij , m
2
u˜c
ij
= m2u˜c
i
δij , m
2
d˜c
ij
= m2
d˜c
i
δij , (29)
where i, j, k = 1, 2, 3.
Restrained by the quark and lepton masses, we have
Yui =
mui
υu
, Ydi =
mdi
υd
, Yei =
mli
υd
, (30)
where mui , mdi and mli are the up-quark, down-quark and charged lepton masses, respec-
tively, and the values are taken from the PDG [31]. For the masses of bino and wino, we will
imply the approximate GUT relation M1 =
α2
1
α2
2
M2 ≈ 0.5M2. In Appendix D, the tree-level
tadpoles, Eqs. (D2)–(D5), are set to be zero to minimize the potential. In this way, the
soft masses m2
H˜d
, m2
H˜u
and m2ν˜c
i
can be derived. Simultaneously, ignoring the terms of the
second order in Yν and assuming (υ
2
νi
+υ2d−υ2u) ≈ (υ2d−υ2u), one can solve the minimization
conditions of the neutral scalar potential with respect to υνi (i = 1, 2, 3) as [6]:
υνi =
λυd(υ
2
u + υ
2
νc)− κυuυ2νc
m2
L˜i
+ G
2
4
(υ2d − υ2u)
Yνi −
υuυνc
m2
L˜i
+ G
2
4
(υ2d − υ2u)
aνi, (31)
where G2 = g21 + g
2
2 and g1cW = g2sW = e.
In the µνSSM, the masses of left-handed sneutrinos are basically determined by mL˜i , and
the three right-handed sneutrinos are essentially degenerated. The CP-even and CP-odd
right-handed sneutrinos mass squared m2S5+i and m
2
P5+i
could be approximately written as
m2S5+i ≈ (Aκ + 4κυνc)κυνc + Aλλυdυu/υνc − 2λ2(υ2d + υ2u),
11
m2P5+i ≈ −3Aκκυνc + (Aλ/υνc + 4κ)λυdυu − 2λ2(υ2d + υ2u). (32)
Here, the main contribution to the mass squared is the first term as κ is large, due to
υνc ≫ υu,d. Therefore, we could use the approximate relation
− 4κυνc <∼ Aκ <∼ 0 (33)
to avoid the tachyons.
Before the numerical calculation, the constraints on the parameters of the µνSSM from
neutrino experiments should be considered at first. Three flavor neutrinos νe,µ,τ could mix
into three massive neutrinos ν1,2,3 during their flight, and the mixing is described by the
Pontecorvo-Maki-Nakagawa-Sakata unitary matrix U
PMNS
[32]. Through several recent re-
actor oscillation experiments [33], θ13 is now precisely known. The global fit of θ13 gives [34]
sin2 θ13 = 0.023± 0.0023. (34)
The other experimental observations of the parameters in U
PMNS
for the normal mass hier-
archy [34] show that
sin2 θ12 = 0.302
+0.013
−0.012, ∆m
2
21 = 7.50
+0.18
−0.19 × 10−5eV2,
sin2 θ23 = 0.413
+0.037
−0.025, ∆m
2
31 = 2.473
+0.070
−0.067 × 10−3eV2. (35)
In the µνSSM, the three neutrino masses are obtained through a TeV scale seesaw mech-
anism [2, 6]. Assuming that the charged lepton mass matrix in the flavor basis is in the
diagonal form, we parametrize the unitary matrix which diagonalizes the effective neutrino
mass matrix meff (see Ref. [12]) as [35]
Uν =


c12c13 s12c13 s13e
−iδ
−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13
s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13


× diag(1, eiα212 , eiα312 ) , (36)
where c
ij
= cos θij , sij = sin θij . In the next calculation, the values of θij are obtained from
the experimental data in Eq. (34) and Eq. (35), and all CP violating phases δ, α21, and α31
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are set to zero. The unitary matrix Uν diagonalizes the effective neutrino mass matrix meff
in the following way:
UTν m
T
effmeffUν = diag(m
2
ν1
, m2ν2, m
2
ν3
). (37)
For the neutrino mass spectrum, we assume it to be normal hierarchical, i.e., mν1<mν2<mν3,
and we choose the lightest neutrino mass mν1 = 10
−2 eV as input in our numerical analysis,
limited by neutrino masses from neutrinoless double-β decay [36] and cosmology [37]. The
other two neutrino masses mν2,3 can be obtained through the experimental data on the
differences of neutrino mass squared in Eq. (35). Then we can numerically derive Yνi ∼
O(10−7) and aνi ∼ O(−10−4GeV) from Eq. (37). Accordingly, υνi ∼ O(10−4GeV) through
Eq. (31). Due to υνi ≪ υu,d, we can have
tanβ ≃ υu
υd
. (38)
We also impose a constraint on the SUSY contribution to the muon anomalous magnetic
dipole moment aµ in the µνSSM [12]. The difference between experiment and the SM
prediction on aµ is [31, 38]
∆aµ = a
exp
µ − aSMµ = (24.8± 7.9)× 10−10, (39)
with all errors combined in quadrature. Therefore, the SUSY contribution to aµ in the
µνSSM should be constrained as 1.1×10−10 ≤ ∆aµ ≤ 48.5×10−10, where a 3σ experimental
error is considered. In Ref. [12], we can know that the experimental data for aµ will give a
large constraint on the parameter M2, for a given value of tan β.
For relevant parameters in the SM, we choose [31]
αs(mZ) = 0.118, mt = 173.5 GeV, mZ = 91.188 GeV,
α(mZ) = 1/128, mb = 4.65 GeV, mW = 80.385 GeV. (40)
Through the analysis of the parameter space in Ref. [3], we could choose the reasonable
values for some parameters in the µνSSM as κ = 0.4, Aκ = −300 GeV, and Aλ = 500 GeV
for simplicity. Here we choose small Aκ to avoid the tachyons, through Eq. (33). We
assume that the first two generations of squarks and the right-handed sbottom are heavy,
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Parameters Min Max Step
tan β 2 30 7
λ 0.1 0.2 0.05
υνc/TeV 1 3 1
M2/TeV 0.5 3.5 1
At/TeV -2.6 3.4 0.1
mu˜c
3
/GeV 100 800 20
TABLE II: Scanning parameters for the light stop effect on the Higgs decays.
mQ˜1,2 = mu˜c1,2 = md˜c1,2,3
= 2 TeV, because they play a minor role for the Higgs physics. For
simplicity, we can choose mL˜1,2 = me˜c1,2 = 1 TeV and Ae1,2,3 = Ad1,2,3 = Au1,2 = 1 TeV. As
key parameters, mQ˜3, mu˜c3 and Au3 ≡ At, affects the 125 GeV Higgs mass and decays.
Stops have been searched for at the LHC in gauge-mediated SUSY breaking (GMSB)
models [39], where the gravitino (G˜) is typically the LSP which is similar to the µνSSM.
These studies rule out stop masses up to 200–600 GeV, where the light stop t˜1 might decay
via bχ˜±1 , tχ˜
0
1 and χ˜
0
1 decay in Z(h)G˜. These studies assumed that the lightest neutralino
mass is less than the light stop mass, mχ˜0
1
< mt˜1 . The mχ˜01 > mt˜1 case still needs be tested in
the future. So, for mχ˜0
1
> mt˜1 , we still could consider mt˜1 < 600 GeV to study the light stop
effect on Higgs decays in the µνSSM. Constrained by the 125 GeV Higgs, we could have
a several TeV heavy stop and a several hundred GeV light stop. To keep the left-handed
sbottom heavy, we choose mQ˜3 ≫ mu˜c3 [40]. In the following, we take mQ˜3 = 2 TeV for
simplicity. So, here the heavy stop mass mt˜2 is around 2 TeV. Then, the free parameters
that affect our next analysis are
tanβ, λ, υνc , M2, At, mu˜c
3
, mL˜3 , me˜c3 . (41)
Taking mL˜3 = me˜c3 = 1 TeV to ignore the light stau effect, we study the light stop effect
on Higgs decays in the µνSSM in Fig. 1, by scanning the parameters listed in Table II.
In Table II, we take relatively small value of the parameter λ, considering the Landau pole
condition at the high-energy scale [3]. In the scanning, we avoid the tachyons, simultaneously
coinciding with mχ˜0
1
> mt˜1 , and the heavy doubletlike Higgs mass mH ≥ 642 GeV [41].
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FIG. 1: (Color online) µggFγγ (a),(d), µ
ggF
V V ∗ (b),(e) and µ
VBF
ff¯
(c),(f) vary with mt˜1 and Xt =
At − µ/ tan β, respectively, where the horizontal solid lines correspond to the experimental central
values and the dashed lines to the 1σ intervals.
The results are also constrained by the light doubletlike Higgs mass with 124.5GeV ≤
mh ≤ 126.9 GeV and the muon anomalous magnetic dipole moment 1.1 × 10−10 ≤ ∆aµ ≤
48.5× 10−10, where a 3σ experimental error is considered.
In Fig. 1, we plot the signal strengths µggFγγ (a), µ
ggF
V V ∗ (b), and µ
VBF
ff¯ (c) varying with
the light stop mass mt˜1 , respectively, where the horizontal solid lines correspond to the
experimental central values and the dashed lines to the 1σ intervals. The numerical results
show that the light stop could give large effect on the signal strengths µggFγγ and µ
ggF
V V ∗ , as the
light stop mass is small. With increasing of the light stop mass, the contribution of the light
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Parameters Min Max Step
tan β 30 60 5
λ 0.1 0.2 0.05
υνc/TeV 1 3 0.2
M2/TeV 0.5 3.5 1.5
At/TeV -2.6 3.4 0.2
me˜c
3
/GeV 100 400 30
TABLE III: Scanning parameters for the light stau effect on the Higgs to diphoton decay.
stop for the signal strengths become small. When mt˜1
>∼ 700 GeV, the signal strengths µggFγγ
and µggFV V ∗ are close to 1, which is in agreement with the SM. Fig. 1(c) indicates the light
stop play a minor role for the signal strength µVBFff¯ .
To explain the results of the signal strengths further, in Fig. 1 we also plot the signal
strengths µggFγγ (d), µ
ggF
V V ∗ (e), and µ
VBF
ff¯ (f), respectively, versus Xt = At − µ/ tanβ, where
µ = 3λυνc. One can find that the signal strengths µ
ggF
γγ,V V ∗ > 1 when |Xt| <∼ 2 TeV and
µggFγγ,V V ∗ < 1 for |Xt| >∼ 2 TeV. This shows that the light stop effect can be of either sign,
depending on the parameterXt = At−µ/ tanβ, as we will discuss in detail below. Coinciding
with the MSSM, the stop loop contributions to the gg or γγ amplitude in the µνSSM can
be approximately proportional to [42–46]
∆At˜gg,γγ ∝
m2t
m2
t˜1
m2
t˜2
(m2t˜1 +m
2
t˜2
−X2t ), (42)
ForX2t < (m
2
t˜1
+m2
t˜2
), the stops lead to an enhancement of the gluon-gluon Higgs production.
So, the signal strengths µggFγγ,V V ∗ > 1, when |Xt| <
√
(m2
t˜1
+m2
t˜2
) ∼ 2 TeV. In Fig. 1, the
signal strength µggFV V ∗ can reach 1.25; however, the signal strength µ
ggF
γγ just reaches 1.17, since
the stops lead to a reduction of the Higgs to diphoton decay width for X2t < (m
2
t˜1
+m2
t˜2
). On
the contrary, the stops reduce the signal strengths µggFγγ and µ
ggF
V V ∗ , when X
2
t > (m
2
t˜1
+m2t˜2).
Additionally, the signal strength µVBFff¯ < 1 as |Xt| <∼ 2 TeV and µVBFff¯ > 1 when |Xt| >∼ 2
TeV, is due to be rescaled by the total width ΓhSM/Γ
h
NP in Eq. (27).
Taking mu˜c
3
= 1 TeV to ignore the stop effect and choosing mL˜3 = 0.5 TeV to keep the
third generation of left-handed sneutrinos relatively heavy, we study the light stau effect on
16
100 150 200 250 300 350 400
0.8
1.0
1.2
1.4
1.6
HaL m
Τ

1
GeV
Μ
Γ
Γgg
F
0 20 40 60 80 100
0.8
1.0
1.2
1.4
1.6
HbL Μ tanΒTeV
Μ
Γ
Γgg
F
FIG. 2: (Color online) µggFγγ vary with mτ˜1 (a) and µ tan β (b), respectively, where the horizontal
solid lines correspond to the experimental central values given in Table I and the dashed lines to
the 1σ intervals.
the Higgs to diphoton decay in the µνSSM in Fig. 2, where we scan the parameter space listed
in Table III. In the scanning, the results are also constrained by the heavy doubletlike Higgs
mass mH ≥ 642 GeV, the light doubletlike Higgs mass with 124.5GeV ≤ mh ≤ 126.9 GeV,
and the muon anomalous magnetic dipole moment. Here we consider the constraint of the
light stau mass mτ˜1
>∼ 90 GeV from the LEP limit. In Fig. 2, we plot the signal strength
µggFγγ varying with the light stau mass mτ˜1 (a) and µ tanβ (b), respectively. Figure 2(a)
shows that the light stau can give a large enhancement on the signal strength µggFγγ , when
mτ˜1
<∼ 300 GeV. Figure 2(b) indicates that the signal strength µggFγγ is enhanced greatly, as
µ tanβ is large because large values of µ and tanβ induce large mixing in the stau sector
leading to an enhancement of the Higgs to diphoton decay width [43, 46, 47].
V. SUMMARY
In the framework of the µνSSM, we attempt to account for the experimental data on
the Higgs reported by ATLAS and CMS recently. Under some assumptions and constraints
of the parameter space, the results indicate that the 125 GeV Higgs decay signal strengths
µggFγγ , µ
ggF
V V ∗ (V = Z,W ) and µ
VBF
ff¯ (f = b, τ) can fit the experimental data. Meanwhile, the
numerical evaluations on the heavy doubletlike Higgs mass mH exceed 642 GeV.
In the µνSSM, we show the light stop and stau contributions to the 125 GeV Higgs
decay signal strengths. The light stop leads to an enhancement or reduction of the signal
17
strengths µggFγγ and µ
ggF
V V ∗ . The signal strength µ
VBF
ff¯ is consistent with the SM. For large µ
and tanβ, the light stau could considerably enhance the signal strength µggFγγ . Note that for
the signal strengths µggFγγ,ZZ∗, ATLAS and CMS report currently quite different central values,
as indicated in Table I. Here the average of the two values is just used as a rough guideline.
In the near future, further constraints can be obtained from more precise determinations of
the signal strengths in the measured decay channels at the LHC.
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Appendix A: The radiative corrections
The radiative corrections on the doubletlike Higgses originate from fermions and corre-
sponding supersymmetric partners in the µνSSM:
∆11 = ∆
t
11 +∆
b
11 +∆
l
11,
∆12 = ∆
t
12 +∆
b
11 +∆
l
12,
∆22 = ∆
t
22 +∆
b
11 +∆
l
22. (A1)
Neglecting the terms containing small coupling Yνi and υνi, and using the expressions given
in Ref. [48], the radiative corrections from the top quark and its scalar partner t˜1,2 including
two-loop leading-log effects [14] read as
∆t11 =
3GFm
4
t
2
√
2π2 sin2 β
µ2(At − µ cotβ)2
(m2
t˜1
−m2
t˜2
)
2 g(m
2
t˜1
, m2t˜2),
∆t12 =
3GFm
4
t
2
√
2π2 sin2 β
µ(−At + µ cotβ)
m2
t˜1
−m2
t˜2
{
ln
m2
t˜1
m2
t˜2
+
At(At − µ cotβ)
(m2
t˜1
−m2
t˜2
)
g(m2t˜1 , m
2
t˜2
)
}
,
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∆t22 =
3GFm
4
t
2
√
2π2 sin2 β
{
ln
m2
t˜1
m2
t˜2
m4t
+
2At(At − µ cotβ)
m2
t˜1
−m2
t˜2
ln
m2
t˜1
m2
t˜2
+
A2t (At − µ cotβ)2
(m2
t˜1
−m2
t˜2
)
2 g(m
2
t˜1
, m2t˜2) +
1
16π2
ln
m2
t˜1
m2
t˜2
m4t
( 3e2m2t
4s2Wm
2
W
− 32παs
)
×
[1
2
ln
m2
t˜1
m2
t˜2
m4t
+
2(At − µ cotβ)2
mt˜1mt˜2
(
1− (At − µ cotβ)
2
12mt˜1mt˜2
)]}
, (A2)
with
g(m21, m
2
2) = 2−
m21 +m
2
2
m21 −m22
ln
m21
m22
. (A3)
The one-loop radiative corrections from the bottom quark and its scalar partner b˜1,2 are
formulated as
∆b11 =
3GFm
4
b
2
√
2π2 cos2 β
{
ln
m2
b˜1
m2
b˜2
m4b
+
2Ab(Ab − µ tanβ)
m2
b˜1
−m2
b˜2
ln
m2
b˜1
m2
b˜2
+
A2b(Ab − µ tanβ)2
(m2
b˜1
−m2
b˜2
)
2 g(m
2
b˜1
, m2
b˜2
)
}
,
∆b12 =
3GFm
4
b
2
√
2π2 cos2 β
µ(−Ab + µ tanβ)
m2
b˜1
−m2
b˜2
{
ln
m2
b˜1
m2
b˜2
+
Ab(Ab − µ tanβ)
(m2
b˜1
−m2
b˜2
)
g(m2
b˜1
, m2
b˜2
)
}
,
∆b22 =
3GFm
4
b
2
√
2π2 cos2 β
µ2(Ab − µ tanβ)2
(m2
b˜1
−m2
b˜2
)
2 g(m
2
b˜1
, m2
b˜2
), (A4)
Similarly, one can obtain the one-loop radiative corrections from the τ lepton and its scalar
partner τ˜1,2:
∆l11 =
GFm
4
τ
2
√
2π2 cos2 β
{
ln
m2τ˜1m
2
τ˜2
m4τ
+
2Aτ (Aτ − µ tanβ)
m2τ˜1 −m2τ˜2
ln
m2τ˜1
m2τ˜2
+
A2τ (Aτ − µ tanβ)2
(m2τ˜1 −m2τ˜2)2
g(m2τ˜1 , m
2
τ˜2)
}
,
∆l12 =
GFm
4
τ
2
√
2π2 cos2 β
µ(−Aτ + µ tanβ)
m2τ˜1 −m2τ˜2
{
ln
m2τ˜1
m2τ˜2
+
Aτ (Aτ − µ tanβ)
(m2τ˜1 −m2τ˜2)
g(m2τ˜1 , m
2
τ˜2
)
}
,
∆l22 =
GFm
4
τ
2
√
2π2 cos2 β
µ2(Aτ − µ tanβ)2
(m2τ˜1 −m2τ˜2)2
g(m2τ˜1 , m
2
τ˜2
). (A5)
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Appendix B: The couplings
The couplings of CP-even neutral scalars and charged scalars are formulated as
Lint =
8∑
α,β,γ=1
CS
±
αβγSαS
+
β S
−
γ , (B1)
with
CS
±
αβγ =
−e2
2
√
2s2
W
[
υdR
1α
S R
1β
S±R
1γ
S± + (υdR
2α
S + υuR
1α
S )R
1β
S±R
2γ
S±
+υuR
2α
S R
2β
S±R
2γ
S± + (υdR
(2+i)α
S + υνiR
1α
S )R
(2+i)β
S± R
1γ
S±
+(υuR
(2+i)α
S + υνiR
2α
S )R
(2+i)β
S± R
2γ
S± + υνiR
(2+j)α
S R
(2+i)β
S± R
(2+j)γ
S±
]
+
e2
4
√
2s2
W
c2
W
(υdR
1α
S − υuR2αS + υνiR(2+i)αS )
[
(c2
W
− s2
W
)δβγ
−2(c2
W
− s2
W
)R2βS±R
2γ
S± − (c2W − 3s2W )R
(5+j)β
S± R
(5+j)γ
S±
]
− 1√
2
λiλjυνiR
(5+j)α
S
[
R1βS±R
1γ
S± +R
2β
S±R
2γ
S±
]
+
1√
2
λiYνkj(υνciR
(5+j)α
S + υνcjR
(5+i)α
S )R
(2+k)β
S± R
1γ
S±
+
1√
2
λkYeij(υνiR
(5+k)α
S + υνckR
(2+i)α
S )R
2β
S±R
(5+j)γ
S±
+
1√
2
λkYeij(υuR
(5+k)α
S + υνckR
2α
S )R
(2+i)β
S± R
(5+j)γ
S±
− 1√
2
YνkiυνciR
(5+j)α
S
[
YνljR
(2+l)β
S± R
(2+k)γ
S± + YνkjR
2β
S±R
2γ
S±
]
+
1√
2
YekiYekj
[
υdR
1α
S (R
(2+i)β
S± R
(2+j)γ
S± − R(5+i)βS± R(5+j)γS± )
−(υdR(2+i)αS + υνiR1αS )R(2+j)βS± R1γS± + υνiR(2+j)αS R1βS±R1γS±
]
+
1√
2
YekiYνkj(υdR
(5+i)α
S + υνciR
1α
S )R
2β
S±R
(5+j)γ
S±
+
1√
2
YekiYνkj(υuR
(5+i)α
S + υνciR
2α
S )R
1β
S±R
(5+j)γ
S±
− 1√
2
[
Yνji(υuR
(2+j)α
S + υνjR
2α
S )− λi(υdR2αS + υuR1αS )
+2κijkυνjR
(2+k)α
S
]
(YνliR
(2+l)β
S± R
2γ
S± − λiR1βS±R2γS±)
+
1√
2
(AνYν)ijR
(5+i)α
S R
2β
S±R
(2+j)γ
S± +
1√
2
(Aλλ)iR
(5+i)α
S R
2β
S±R
1γ
S±
+
1√
2
(AeYe)ij
[
R
(2+i)α
S R
(5+j)β
S± R
1γ
S± − R1αS R(5+j)βS± R(2+i)γS±
]
. (B2)
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The unitary matrices RS, RS± (and Ru, Rd, Z+, Z− below) can be found in Ref. [13].
The couplings between CP-even neutral scalars and squarks are written as
Lint =
8∑
α=1
6∑
I,J=1
(CU
±
αIJSαU
−
I U
+
J + C
D±
αIJSαD
+
I D
−
J ), (B3)
with
CU
±
αIJ =
−e2
6
√
2
(υdR
1α
S − υuR2αS − υνjR(2+j)αS )
[ 4
c2
W
δIJ − 3 + 2s
2
W
s2
W
c2
W
RiI∗u R
iJ
u
]
− 1√
2
[
(AuYu)ijR
2α
S − Yuijλk(υdR(5+k)αS + υνckR1αS )
+YuijYνkl(υνkR
(5+l)α
S + υνclR
(2+k)α
S )
]
(RiI∗u R
(3+j)J
u +R
(3+i)I∗
u R
jJ
u )
−
√
2υuYuikYujkR
2α
S (R
iI∗
u R
jJ
u +R
(3+i)I∗
u R
(3+j)J
u ), (B4)
CD
±
αIJ =
e2
6
√
2
(υdR
1α
S − υuR2αS − υνjR(2+j)αS )
[ 2
c2
W
δIJ − 1 + 2s
2
W
s2
W
c2
W
RiI∗u R
iJ
u
]
− 1√
2
(AdYd)ijR
1α
S (R
iI∗
d R
(3+j)J
d +R
(3+i)I∗
d R
jJ
d )
+
1√
2
Ydijλk(υuR
(5+k)α
S + υνckR
2α
S )(R
iI∗
d R
(3+j)J
d +R
(3+i)I∗
d R
jJ
d )
−
√
2υdYdikYdjkR
1α
S (R
iI∗
d R
jJ
d +R
(3+i)I∗
d R
(3+j)J
d ). (B5)
The interaction Lagrangian between CP-even neutral scalars and charginos is formulated
as
Lint =
8∑
α=1
2∑
β,γ=1
Sαχ¯
+
β
(
Cχ
±
αβγPL + [C
χ±
αγβ]
∗PR
)
χ−γ , (B6)
where
Cχ
±
αβγ =
−e√
2s
W
[
R1αS Z
1β
+ Z
2γ
− +R
2α
S Z
2β
+ Z
1γ
− +R
(2+i)α
S Z
1β
+ Z
(2+i)γ
−
]
−Yeij√
2
[
R1αS Z
(2+i)β
+ Z
(2+j)γ
− − R(2+i)αS Z(2+j)β+ Z1γ−
]
−Yνij√
2
R
(5+i)α
S Z
2β
+ Z
(2+j)γ
− −
λi√
2
R
(5+i)α
S Z
2β
+ Z
2γ
− , (B7)
and
PL =
1
2
(1− γ5), PR = 1
2
(1 + γ5). (B8)
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Appendix C: Form factors
The form factors are
A0(x) = −(x− g(x))/x2, (C1)
A1/2(x) = 2
[
x+ (x− 1)g(x)
]
/x2, (C2)
A1(x) = −
[
2x2 + 3x+ 3(2x− 1)g(x)
]
/x2, (C3)
with
g(x) =


arcsin2
√
x, x ≤ 1;
−1
4
[
ln
1+
√
1−1/x
1−
√
1−1/x
− iπ
]2
, x > 1,
(C4)
and
F (x) = −(1− x2)
(47
2
x2 − 13
2
+
1
x2
)
− 3(1− 6x2 + 4x4) lnx
+
3(1− 8x2 + 20x4)√
4x2 − 1 cos
−1
(3x2 − 1
2x3
)
. (C5)
Appendix D: Minimisation of the potential
In the basis S ′T = (hd, hu, (ν˜i)
ℜ, (ν˜ci )
ℜ), the tree-level neutral scalar potential contains
the following linear terms [3]
V 0linear = t
0
hd
hd + t
0
huhu + t
0
(ν˜i)ℜ
(ν˜i)
ℜ + t0(ν˜c
i
)ℜ(ν˜
c
i )
ℜ, (D1)
where the different t0 are the tadpoles at tree-level. They are equal to zero at the minimum
of the tree-level potential, and are given by
t0hd = m
2
Hd
υd +
G2
4
(υ2d − υ2u + υνiυνi)υd − (Aλλ)iυuυνci − λjκijkυuυνci υνck
+ (λiλjυνc
i
υνc
j
+ λiλiυ
2
u)υd − Yνijυνi(λkυνckυνcj + λjυ2u), (D2)
t0hu = m
2
Huυu −
G2
4
(υ2d − υ2u + υνiυνi)υu + (AνYν)ijυνiυνcj − (Aλλ)iυdυνci
+ (λiλjυνc
i
υνc
j
+ λiλiυ
2
u)υu + Yνijυνi(κljkυνcl υνck − 2λjυdυu)
− λjκijkυdυνc
i
υνc
k
+ (YνkiYνkjυνci υνcj + YνikYνjkυνiυνj)υu, (D3)
22
t0(ν˜i)ℜ = m
2
L˜ij
υνj +
G2
4
(υ2d − υ2u + υνjυνj)υνi + (AνYν)ijυuυνcj
− Yνijλkυνcjυνckυd − Yνijλjυ2uυd + Yνilκljkυuυνcjυνck
+ YνijYνlkυνlυνcjυνck + YνikYνjkυ
2
uυνj , (D4)
t0(ν˜c
i
)ℜ = m
2
ν˜c
ij
υνc
j
+ (AνYν)jiυνjυu − (Aλλ)iυdυu + (Aκκ)ijkυνcjυνck
+ λiλjυνc
j
(υ2d + υ
2
u) + 2κlimκljkυνcmυνcjυνck − 2λjκijkυdυuυνck
− Yνjiλkυνjυνckυd − Yνkjλiυνkυνcjυd + 2Yνjkκiklυuυνjυνcl
+ YνjiYνlkυνjυνlυνck + YνkiYνkjυ
2
uυνcj . (D5)
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